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Drilling through bone is an effective method to get rapid cure for bone injury. 
During orthopedic surgery there is a need to fix the bones at their right position so 
that it can heal at its natural position correctly. Bones can be fixed with a lot of 
possibilities such as implants and screws for the overall curing process. Therefore, 
drilling through bone is a necessary action to fulfill this objective. The drilling 
mechanism for bone drilling is the same as the mechanical drilling procedure. So the 
drill-bit and its specifications used during bone drilling affects the surroundings 
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CHAPTER 1 - INTRODUCTION 
 
1.1 Bone Definition and Properties: 
Bone is considered a type of connective tissue that consists of Calcied material. 
There are two types of bone tissues in human’s body, the cortical bone which is the 
outer hard layer and the cancellous which is the inner spongy layer (Fig.1.1). 
Periosteum is a hard covering osteogenic connective tissue that covers the outer 
surface of the bone while the bone marrow is located inside the bone its self. Most of 
the inside of a bone is hollow. Endosteum is an osteogenic similar cell that lines the 
inner surface of the bone. Periosteum and the endosteum contain the vascular system 
which supplies the bone with nutrients and oxygen for bone growth and repair. 
 
 
Fig. 1.1 (a) Human cortical bone, (b) Cancellous bone (Inner spongy bone structure), 
(c) Cortical bone (Compact bone): outer layer of bone structure 
 
 
Compact bone and trabecular bone almost have the same composition, even arthritic 



















1.3 Problem Statement 
 
In this investigation the purpose is to see the effect of the same drill-bit type but with 





The main objective in this research is to investigate the effect of different drill-bit 
diameters effect on 
• Surface finish 
• Surface integrity 
• Surface roughness 
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1.5 Scope of study 
 
The study is limited to investigate 3 various processing parameters, which are 
Drill diameter, feed rate and the number of revolutions per minute of the dill-bit then 
it is going to study the effects of the process parameters on the specimen. 
 
 
CHAPTER 2 – LITRETATURE REVIEW AND THEORY 
 
 
The literature review has been divided into two parts. First part is conventional 
techniques for the bone drilling and second part shows some results of non-
conventional techniques of drilling. 
 

























Figure 2.1: Variation in free running speed on application of force (Mustafa et al. 
1995) 
 
Colin Natali et al. (1996) studied the various engineering drill bits available in 
market and compared them to standard orthopaedic bits thru continuously recording 
temperatures at distances of 0.5 mm, 1.0 mm and 1.5 mm from the edge of a 2.5 mm 
hole drilled in fresh cadaver human tibia. Some commercial drill bits managed to 
perform better than the orthopaedic equivalents, producing significantly less thermal 
damage to the surrounding bone and lowering the force required for cortical 
penetration to half. The ideal bit for orthopaedic purposes should have a split point 
tip and a quick helix angle. Hypothetically, the addition of a parabolic flute will 
further enhance coping with thermal damage during cutting . 
 
K. Alam et al. (2009) investigated the effects of two drilling techniques on surface 
roughness of the drilled holes. The set up used for UAD has been shown in Fig. 2.2. 
The surface roughness produced by ultrasonic assisted drilling (UAD) and 
conventional drilling (CD) were measured and tested with various contact and non-
contact methods (Fig. 2.3). The difference in surface roughness between both drilling 







































Figure 2.3: The difference in surface roughness obtained by Conventional 




































Figure 2.5: Variation in surface roughness depending upon the advance 
























Dunnen et al. (2013) carried out this study with the goal to deduce a descriptive 
mathematical equation able to predict the hole depth and diameter based on the local 
structural properties of the bone at given water jet diameters. 210 holes were drilled 
in porcine femora and tali with water jet diameters (Dnozzle) of 0.3, 0.4, 0.5 and 0.6 
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mm at a pressure of 700bar and a 5s jet time. Hole depths (Lhole), diameters (Dhole) 
and bone architectural properties were determined using micro CT scans. The most 
important bone architectural property is the bone volume fraction (BV/TV). Drilling 
to a specific depth in bone tissue with a known BV/TV is possible, thereby 
contributing to the safe application of water jet technology in orthopaedic surgery. 
Using water jets instead of rigid drill bits for bone drilling can be beneficial due to 
the absence of thermal damage and a consequent sharp cut. Additionally, water jet 
technology allows the development of flexible instruments that facilitate 
manoeuvring through complex joint spaces. 
 





Drilling through bone is very common and simple as simple to drill any mechanical 
component, but it need proper care and patience. Mostely conventional method of 
drilling is in practice. Some other unconventional methods of drilling were also tried 












Methods of bone drilling can be classified in two major categories: 
 
1. Conventional drilling 
 





Conventional drilling is the very common used mechanical drilling process in which 
rotating drill-bit is used to produce hole in the specimen. Tool is rotating with the 
help of adjacent power system. With conventional bone drilling some parameters 
affects the efficiency and quality of drill hole. 
These parameters are reported in two major categories: 
 
1. Machining parameters 
 
2. Drill specifications 
 
These two categories can be broadly classified as some other direct parameters 
related to bone drilling. Machining parameters includes the variables within the 
drilling machine used in bone drilling and drill specifications include the permissible 
changes within the drill bit dimensions used during the done drilling. These two 
categories can be classified broadly in Table 3.1. 
 
Table 3.1: Parameters affecting the bone drilling  
Machining parameters Drill specifications 
  
Rotational speed Drill diameter 
  
Feed rate Flutes and helix angle 
  
Applied drill force Drill wear 
  
Cooling Cutting edge angles 
1. Internal cooling 1. Rake angle 
2. External cooling 2. Clearance angle and flank 
  
Drill depth Drill point 
Predrilling 1. Point angle 





Drilling parameters are essential for controlling the temperature generated during 
drilling. Parameters associated within the setup of hand drill are the machining 
parameters and they are closely related with the drilling quality and precision. 
Thermal necrosis also depends on these machining parameters. 
Rotational Speed, Feeding Rate and Force Applied. 
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In the last few decades many researchers have investigated on this aspect in order to 
minimize the chances of necrosis during drilling. Measure of drilling speed is in 
terms of revolution per minute (RPM). When one stationery and one rotating objects 
strike, heat is generated due to friction, so rotational speed should be so optimum to 
produce minimum heat. Researchers suggest different set of RPM for different 
conditions. 
Using unrelated set of parameters can cause damage of drill-bit with in bone as 















































Figure 3.3: Systematic arrangement of internal cooling system. 
 
 
 Depth of Drill 
 
Depth of drill is also a major factor which is to be taken in account before starting 
the bone drilling. Heat generation during drilling is a key issue which causes some 
major problems in recovery of facture. Presently depth is estimated by the skilled 
operator but if it goes in to more depth as compared to required, it will take more 




 Predrilling and Step Drilling 
 
incremental drilling. Drill bit used in step drilling is similar to the drill bit used in 
general drilling. In pre-drilling, total time of drilling is increased if compared to step 
drilling so this type tool is preferred over pre-drilling. Drill bits used in conventional 















 Drill Diameter 
 
Maximum output diameter required after drilling is the major factor, on which other 
parameters are to be adjusted. Generally, 2.5, 3 and 4 mm drill bits are used to drill 
the bone. Drill diameter is to be selected according to bone condition (density, 
position). Diameter of drill also affects the temperature raise during drilling. As the 
diameter increases, contact surface increases which results in more heat produced. 
But by reducing the diameter this may result in the breakage or bending of drill bit. 
 




















Figure 3.6: (a) Two flute (b) Three flute drill bit 
 
 Drill wear 
 
When two hard surfaces slides with each other than some part of material from the 
surfaces eliminate in the form of small tiny particles. In case of drilling there is wear 
out of cutting edges due to mechanical and thermal effect. This wear of cutting lips 





 Cutting Edge angles 
 
 








3.2 Gantt chart and milestones 
 































CHAPTER 4 – EXPERIMENTATION  
 
 
This chapter explains the setup of the experiment and the tools used for the process. 
According to the researches and the previous work, the nearest available type of 
bone similar to human bone is a goat bone.  
 
A fresh bone was brought and left to soak in water for 3-4 hours to get rid of the 




Figure 4.1: Fresh goat long bone 
 
A Bosch hand drill of 1500 RPM and 600 lb of torque was used to simulate the real 




Figure 4.2: Bosch hand drill
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A set of 2.5mm, 4mm and 5mm diameter metal index black oxide drill bits with a 
135o split point edge, a 2 flute drill bit and 29o degree helix angle were used to drill 
the bone.  
 
After the bone was cleaned and prepared, the bone was held in place with a clamp 
and the drill bits were installed in the hand drill and started drilling, it was noticeable 
that the 2.5mm drill bit was the fastest drill bit used to make a hole in the bone while 
the 5mm was the slowest. After the holes were drilled, the bone was cut into 3 small 
parts to be able to put them under the microscope with a manual saw then cut to a 
1.5cm X 1.5cm with the grinder cutter. 
 
 
Figure 4.3: 5mm, 2.5mm and 4mm drilled specimens 
 
These specimens were then put under the microscope to test the effect of every drill 
bit on the surface integrity and the quality of the hole first before cutting them again 
to be able to test the surface roughness of every drill bit.  
 
 








Chapter 5 – Results and Discussion  
 
Using the Phenom Pro X microscope, the specimens were tested and the following 
results showed up. 
 
 2.5mm Ф specimen: 
 
 
Figure 5.1: 2.5mm Ф top view before zooming 
 
Figure 5.1 shows the 2.5mm Ф specimen under the microscope before zooming and 






Figure 5.1.2: 2.5mm Ф top view 500x zoom 
 
Figure 5.1.2 shows that there are micro cracks and a lot of fragments of bone 
extruding from the surface which indicates that the surface is damaged but those 




Figure 5.1.3: 2.5mm Ф top of the hole 500x zoom 
 
 
Figure 5.1.3 shows the top of the hole and how the drill bit has affected it, it shows 
that the 2.5mm drill bit has caused a lot of mini-fractures but the quality of the hole is 










Figure 5.1.4: The inside of the 2.5mm Ф hole 
 
              
Figure 5.1.4 (a): SEM 1 of 2.5mm Ф hole  Figure 5.1.4 (b): SEM 2 of 2.5mm Ф hole 
  
Figure 5.1.4 (c): Analysis of figure (a)         Figure 5.1.4 (d): Analysis of figure (b) 
 
Figures 5.1.4 (a) & (b) are the results from the SEM microscope while (c) & (d) are 
results of (a) & (b) being analyzed using Mountains Map software which shows the 
SEM images in heights and anomalies form to be able to see the surface roughness 
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and noise. Figure 5.1.4 (d) shows that the surface of the drill is mostly smooth but 
have some points above the average and other below the average height of the 
surface considering that 2.5µm – 3.5µm is the average height of the surface in figure 
5.1.4 (b). While figure 5.1.4 (c) shows that there is a lot noise on the surface of figure 
5.1.4 (a) which indicates that the surface is not smooth, which supports the other half 
of the analysis. 
 
 4mm Ф specimen: 
 
 
Figure 5.2.1: The inside of the 4mm Ф hole 
 
     
 Figure 5.2.2 (a) SEM of the 4mm Ф hole       Figure 5.2.2 (b) Analysis of figure (a) 
 
Figure 5.2.2 (a) shows that there is a big crack taking almost the whole image on the 
left side but the rest of the surface is almost crack free. Figure 5.2.2 (b) shows that 
there are some anomalies on the surface but not as much as in figure 5.1.4 (c) making 
the surface of the drill almost smooth. 
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Figure 5.3.1: 5mm Ф top view 
 
Figure 5.3.1 shows the top of the hole and indicate where did the zooming in took 





Figure 5.3.2: Top of hole 500x zoom 
 
Figure 5.3.2 shows the edge of the hole from top view, the figure shows that the 5mm 
drill bit has caused a lot of damage to the holes’ edge where large chunks of bone are 
missing from the edge, highlighted by the black circle, while the inside of the hole is 










Figure 5.3.3: The inside of the 5mm Ф hole 
 
    
Figure 5.3.3 (a): SEM 1 of 5mm Ф hole     Figure 5.3.3 (b): SEM 2 of 5mm Ф hole 
 
    




Figure 5.3.3 (c) shows a lot of red and pale red spots which indicates that there is an 
enormous amount of noise on the surface of the hole while figure 5.3.3 (d) shows 
clearly the large cracks in the surface and how that the extrusions exceed the height 
of 7µm which means that this is not a smooth surface. 
 
CHAPTER 6 – CONCLUSION  
 
The conclusion of this investigation is drawn from the previous chapter and the 
findings of the several tests done on the specimens. 
 Surface integrity: 
Based on the SEM images and analysis, the best surface integrity is the one of 
the 2.5mm Ф hole, while the 4mm Ф hole also has a good surface but the 
appearance of large scale cracks makes the 2.5mm Ф hole better. 
 Surface finish: 
Based on the topography images and the mountains map software analysis, 
the 4mm Ф hole has the best surface finish as there was very little noise and 
extrusions on its surface. 
 Surface roughness: 
Based on both the SEM and the Topography data, the 4mm Ф hole has the 
best surface roughness with a small amount of extrusions not exceeding the 
height of 6µm. 
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